In electron microscopy (EM) studies, the NSF hexamer in NSF that drives SNARE complex disassembly.
Asp-284 to Gly-287 Gln-66 to Ser-294 to Glu-297 Gln-76 to Arg-300 to Gly-308 the NSF hexamer appears to envelop about 20 Å of the Results and Discussion SNAP/SNARE complex at the N end of the hexamer pore (Hohl et al., 1998) . This association induces an ‫51ف‬ Å Structure Determination dilation of the D1 ring diameter without any gross distorRecombinant selenomethionine (Se-Met)-derivatized Chition of the D2 ring. nese hamster ovary N was expressed in E. coli, purified In order to gain insight into SNAP/SNARE complex to homogeneity, and crystallized by vapor diffusion. The binding and the mechanism of disassembly by NSF, we crystal structure was solved to 1.9 Å resolution using have determined the crystal structure of the N-terminal multiwavelength anomalous diffraction (MAD) data coldomain of NSF at 1.9 Å resolution. N contains two sublected at four wavelengths (Hendrickson, 1991) around domains, a double ␤ barrel (Castillo et al., 1999), and the selenium absorption edge. The three ordered Sea four strand-one helix ␣/␤ roll. The solvent-accessible Met sites were found by an automated Patterson search surface features a large, very positively charged groove method (Grosse-Kunstleve and Brunger, 1999). After that could bind to the highly negative, ␣-helical, C-termidensity modification with solvent flipping (Abrahams nal region of ␣-SNAP (Rice and Brunger, 1999 hydrophilic interface between the two subdomains bur-␣1 and ␣2, and strand ␤4Ј ( Figure 2C ). While the hydrated interface between the two NSF subdomains suggests ies approximately 1500 Å 2 and contains seven wellordered water molecules ( Figure 2C ). The mean shape that these surfaces could be solvent exposed at little energetic cost, there is evidence that suggests that the complementarity index (ϽScϾ) of the buried surfaces (Lawrence and Colman, 1993) is 0.567, well below 0.70, two subdomains are stably packed together and act as a unit. First, the thermal factors of residues are lowest the average value expected for normal protein-protein interfaces; the values of ϽScϾ range from 0 to 1, for in the core of N, including interface residues. This could be an artifact of crystal packing forces, though in an zero to perfect surface complementarity, respectively. Upon including the seven ordered water molecules, independently solved structure of NSF-N containing three molecules of N per asymmetric unit (May et al., ϽScϾ increases to 0.68, indicating that the buried water molecules substantially compensate for the lack of 1999), a similar distribution of low B factors along interface residues is also seen in all molecules of N. Second, shape complementarity between the two subdomains. Additionally, two small hydrophobic clusters are found thermal denaturation of N in solution, monitored by circular dichroism at 218 nm, showed a single sigmoidal at the edges of the interface, in the region between strand ␤6 and helix ␣1Ј, and the area formed by helices transition (data not shown). This is consistent with N Figure 3B ). Both are small sixstrands, ␤1Ј, ␤4Ј, ␤5Ј, and ␤7Ј ( Figure 1A ). Helix ␣3Ј is capped by two small two-stranded ␤ sheets, antiparallel stranded ␤ barrels with shear numbers of 10, though strands ␤3Ј and ␤6Ј, and parallel strands ␤2Ј and ␤8Ј.
groove along N B and terminating on the other side of the protein along the surface of N A . The core of the roll between helix ␣3Ј and strands ␤1Ј, ␤4Ј, and ␤5Ј is made up of a peculiar row of highly A cavity analysis performed by SURFNET (Laskowski, 1995) using a 2.0-5.0 Å radius probe identified three conserved phenylalanine and tyrosine side chains (Figure 2) , which form a ladder of aromatic side chains (Figgrooves , all large enough to potentially accommodate a typical ␣ helix ( Figure 4C ). Grooves 1 and 2 are above ure 1D).
Surprisingly, another domain of EF-Tu, domain 3, was the sole structure in the representative structure database identified by DALI as being similar to N B (Table 1) (Table 1) , which stained SDS-PAGE) were pooled, and the protein concentration was adjusted to 2 mg/ml. Thrombin (Haematologic Technologies, Inc.) increased as data collection progressed from 1 to 4 . This is apparent in the observed diffraction ratios, where the largest dispersive was added at 0.5 mg l
Ϫ1
, and the mixture was dialyzed for 12 hr against buffer C (20 mM HEPES [pH 7.2] 10 mM dithiothreitol difference occurred between the two remote wavelengths. Normally, this dispersive difference is expected to be rather small. This sys-[DTT]) ϩ 50 mM NaCl. After dialyzing, the protein was loaded onto a Mono S column (Pharmacia) and eluted with a 10 column volume tematic error was presumably introduced by collecting the MAD data one wavelength at a time, exacerbating the effects of radiation linear gradient from 100% buffer C to 100% buffer C ϩ 500 mM NaCl. N eluted at approximately 150 mM NaCl. Fractions containing damage that are present even at 100 K. It prevented the use of most dispersive differences for MAD phasing except for the dispersive N were concentrated to 10 mg/ml and dialyzed against buffer C ϩ 150 mM NaCl for 12 hr. Protein concentrations were determined differences between the peak ( 1 ) and inflection ( 2 ) wavelengths. Two-wavelength MAD phasing with diffraction data from peak ( 1 ) using the Bradford protein concentration assay (Bio-Rad) calibrated with a bovine serum albumin standard. and inflection point ( 2 ) wavelengths used the Phillips-Hodgson (Phillips and Hodgson, 1980) method and site refinement against a maximum likelihood target (Burling et al., 1996) with 2 as the referCrystallization, Data Collection, and Processing Initial crystals grew by hanging drop vapor diffusion at 20ЊC. Two ence wavelength at 50-1.9 Å resolution. All anomalous differences were well behaved (Table 1) . Thus, wavelengths with significant microliters of 10 mg/ml protein was mixed with 2 l of mother liquor, consisting of 100 mM Tris (pH 8.7), 2.0 M ammonium sulfate, and anomalous signal ( 1 , 2 , and 4 ) were each used for single-wavelength anomalous diffraction (SAD) phasing and site refinement 10 mM DTT, on a siliconized glass cover slip and equilibrated against 0.5 ml of mother liquor. Rod-shaped crystals grew to full size (100 against a maximum likelihood target (Burling et al., 1996). Overall fЈ and fЈЈ form factors of the Se-Met sites at a particular wavelength m ϫ 20 m ϫ 20 m) after 48 hr. Several crystals were crushed and resuspended in 0.2 ml of mother liquor for use as a seed stock were refined against the MAD or SAD data. Phase probability distributions from the two-wavelength MAD and the three SAD refinefor later streak seeding. Larger crystals were grown by sitting drop vapor diffusion at 20ЊC. Five microliters of 10 mg/ml protein was ments were multiplied with equal weighting. Density modification of these combined phase probability distributions was carried out mixed with 5 ml of mother liquor and equilibrated for 12 hr. The drops were then streak seeded using the seed stock. 
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